ABSTRACT. We examined the value of serum procalcitonin (PCT), C-reactive protein (CRP), soluble triggering receptor expressed on myeloid cells-1 (sTREM-1) for predicting the survival of patients with early-onset stroke associated pneumonia (EOP). A total of 207 stroke patients were enrolled, and 91 developed EOP. Upon admission, serum PCT, CRP, sTREM-1 levels, clinical pulmonary infection score, and Acute Physiology and Chronic Health Evaluation II score were all significantly higher in patients with EOP than in those without EOP (P < 0.05). Of the 91 patients who developed EOP, 39 (42.9%) died (non-survivors) within 28 days. The Acute Physiology and Chronic Health Evaluation II score on admission was significantly higher in non-survivors than in survivors (P < 0.05). Serum PCT and sTREM-1 levels were slightly elevated on days 1, 3, and 5 in non-survivors and gradually decreased in survivors. Serum PCT, sTREM-1, and CRP levels were all significantly higher in non-survivors than in survivors on days 1, 3, and 5 (P < 0.05). The sensitivity and specificity of PCT for predicting the outcome of EOP were 84.6 and 71.2%, the sensitivity and specificity of sTREM-1 were 71.8 and 92.3%, and the sensitivity and specificity of sTREM-1 combined with PCT were 74.4 and 96.2%. Serum PCT combined with sTREM-1 accurately predicted the outcome of EOP patients, and dynamic monitoring of serum PCT and sTREM-1 levels is necessary.
INTRODUCTION
Pneumonia is one of the most common complications of acute stroke, and generally results in aggravation and death. Hilker et al. (2003) defined this type of pneumonia as stroke-associated pneumonia (SAP), which differs from nosocomial pneumonia in stroke patients (Myrianthefs et al., 2004) . Early-onset stroke associated pneumonia (EOP) is SAP that occurs within 72 h after stroke onset, contributing to 73% of reported SAP cases (Hilker et al., 2003) . EOP is associated with increased in hospital mortality, poor discharge outcome, increased period of hospitalization, and increased medical costs. Therefore, it is important to identify indicators for adequately determining the condition of EOP patients, particularly for patients with poor outcomes. Recently, procalcitonin (PCT), soluble triggering receptor expressed on myeloid cells-1 (sTREM-1), and C-reactive protein (CRP) have been reported as inflammation markers of sepsis in ventilator-associated pneumonia (VAP) patients (Ventetuolo and Levy, 2008; Hillas et al., 2010; Su et al., 2012) , however, there are very few reports that suggest the use of these indicators to predict the outcome of EOP patients. In this study, serum PCT, CRP, and sTREM-1 levels in EOP patients were dynamically monitored on days 1, 3, and 5, and the value of these indicators in predicting the outcome of EOP patients was examined.
MATERIAL AND METHODS

Patients
From June 2011 to January 2013, 232 stroke patients were admitted to the emergency intensive care unit (EICU), the Fifth People's Hospital of Shanghai, including 128 males and 104 females, aged from 19-90 years (mean age, 64.6 ± 9.6 years). Acute stroke was diagnosed clinically according to the cerebrovascular disease diagnostic criteria issued at the Fourth National Cerebrovascular Diseases Conference in China, and all confirmed by computed tomography (CT) and magnetic resonance imaging examination. All patients were admitted to the hospital within 72 h after stroke onset. The diagnostic criteria for SAP were as follows (more than 2 items coexisted): 1) body temperature > 38°C, 2) purulent respiratory secretions, 3) newly diagnosed hypoxemia (PaO 2 < 70 or 10 mmHg less than the basic oxygen partial pressure), 4) bacterial pathogens found in smear or sputum culture, 5) white blood cell count > 10.0 x 10 9 /L, and 6) new effusion lesions on imaging (chest CT or X-ray). EOP is defined as SAP developed with 72 h after stroke onset. Exclusion criteria were as follows: 1) discharge or death within 24 h, 2) brain death or heartbeat stop on admission, 3) positive results of tracheal secretions, sputum smear, or culture, or pneumonia confirmed by chest X-ray. Among all 232 patients, 13 died within 24 h of admission, pneumonia was confirmed in 12 cases on admission, and a total of 207 patients were enrolled in the study. Antibiotics were administered to all patients within 72 h in the EICU. All patients were subgrouped into the EOP group or the non-EOP group. This study was approved by the Ethics Committee of the Fifth People's Hospital of Shanghai, Fudan University, and written informed consent was obtained from all participants.
Clinical data and examination
Patient age, gender, and Glasgow Coma Scale score on admission were recorded, and the period of EICU stay and outcome (death or hospital discharge as the end point) were also recorded. For all study subjects, white blood cell counts, temperature, blood gas analysis, X-ray examination, tracheal secretions culture, clinical pulmonary infection score (CPIS) evaluation [with use of the simplified CPIS scale issued by Upadya et al. ( 2004) ], Acute Physiology and Chronic Health Evaluation II (APACHE II) score evaluation and serum PCT, sTREM-1, and CRP levels were evaluated upon admission. Serum PCT, sTREM-1, and CRP levels were again assessed on days 3 and 5. PCT was assessed using a solid phase semi-quantitative immunoassay method, CRP was assessed using the turbidity immunization rate scattering method, and sTREM-1 was assessed using solid phase enzyme-linked immunosorbent assay. All kits were purchased from R&D Systems, Inc. (Minneapolis, MN, USA). Blood samples were extracted and sent to the laboratory within 0.5 h.
Patients developed EOP were followed for up to 28 days, and subgrouped into the survival group and non-survival group according to the outcome.
Statistical analysis
Normally distributed data are reported as means ± standard deviation. Comparison among multiple sets of data was performed using analysis of variance for equal variance or Kruskal-Wallis H test for unequal variances. Non-normally distributed data were expressed as the median with interquartile (25-75%) range, and Kruskal-Wallis H test was applied to compare multiple sets. Receiver operating characteristic curves were constructed to determine the optimal cut-off values, sensitivity, specificity, and area under curve (AUC). A P value < 0.05 was considered to be statistically significant.
RESULTS
General condition
Of all 207 stroke patients, EOP developed in 91 cases. Age, gender, and Glasgow Coma Scale score on admission of EOP patients were not significantly different (P > 0.05) from those of patients who did not develop EOP. The period of EICU stay and mortality rate were significantly higher in patients with EOP (P < 0.05). On admission, serum PCT, CRP, and sTREM-1 levels, CPIS score, and APACHE II score of patients who developed EOP were comparable to patients who did not develop EOP (P < 0.05). The results are shown in Table 1 . Serum PCT, CRP, and sTREM-1 levels of EOP patients on days 1, 3, and 5
Among the 91 EOP patients, 39 died (non-survivors) within 28 days, with a mortality rate of 42.9%. The APACHE II score of non-survivors on day 1 was significantly higher than that of survivors (20.4 ± 5.4 vs 15.9 ± 3.9, t = 4.62, P < 0.05). Serum PCT, CRP, and sTREM-1 levels of patients on days 1, 3, and 5 are shown in Table 2 and Figure  1 . Serum levels of PCT and sTREM-1 of non-survivors were slightly elevated, while those of survivors were slightly decreased, and the serum levels of PCT, sTREM-1 and CRP at different time points were all significantly higher in non-survivors than in survivors (P < 0.05). Serum PCT, sTREM-1, CRP levels, and APACHE II score for predicting the survival of EOP Serum PCT, sTREM-1, CRP levels and APACHE II score upon admission were used to predict patient outcome, and the results are shown in Table 3 . For sTREM-1 and PCT, the AUCs were 0.871 and 0.854, respectively. The sensitivity and specificity of PCT > 1.21 mg/L combined with sTREM-1 > 147 ng/L to predict death of EOP patients were 74.4 and 96.2%, with an AUC of 0.893 (Figure 2) . Figure 2. ROC curves of serum PCT, sTREM-1, and CRP levels and APACHE II score for predicting the outcome of patients with EOP.
DISCUSSION
The mortality rate of SAP in severe stroke in neonatal intensive care unit was 47.3%, as reported (Upadya et al., 2004) , while the mortality rate of EOP was 44% in this study, which is slightly lower. Accurately diagnosing EOP is difficult because of the many restrictions of the patients studied, such as coma, low reactivity, less cough, difficulty in finding lesions on bedside chest radiograph, among other reasons (Emsley and Hopkins, 2008) . In this study, serum PCT, CRP, and sTREM-1 levels and CPIS upon admission of EOP patients were compared with those of non-EOP patients. The results showed that the inflammation markers were significantly elevated in EOP patients and, thus, can be used for the early diagnosis of EOP.
Through dynamic monitoring of inflammation markers of EOP patients, we observed that serum PCT and sTREM-1 levels gradually increased in non-survivors and gradually decreased in survivors. PCT is widely applied for monitoring the state of illness of systemic inflammation (Wacker et al., 2013) , and serum PCT level has been used to indicate the severity of systemic inflammation and to predict survival (Seligman et al., 2006) . Hillas et al. (2010) reported that the dynamic change in PCT level is related to the outcome of ventilatorassociated pneumonia patients. sTREM-1, a biological marker of the inflammatory response, is important in the secretion of pro-inflammatory mediators and for suppressing the production of anti-inflammatory factors, and the pathway mediated that plays a key role in the development and amplification of the inflammatory response (Bouchon et al., 2001) . Serum PCT and sTREM-1 levels gradually increased in non-survivors, indicating that the systemic inflammatory response was continually initiated and amplified. This led to the continued release of inflammatory factors and pro-inflammatory mediators, resulting in an imbalance between the pro-and anti-inflammatory response, worsening the condition of patients and increasing the chance of poor outcome. In contrast, the condition of patients improved when the serum PCT and sTREM-1 level gradually decreased. In agreement with previous research results (Su et al., 2013) , we also revealed that CRP level did not increase during the more serious stage of inflammation in non-survivors, indicating that CRP level is not related to infection severity and cannot be used to predict patient outcome. The clinical features of EOP are atypical and cannot be applied for predicting outcome. The APACHE II scoring system is now widely applied for evaluating the severity of illness and the prognosis of ICU patients. However, the score is somewhat related to the management in ICU because the worst score within 24 h rather than the score upon admission is required (Ho et al., 2006) , and it is not stable for evaluating the severity of illness and the prognosis of neonatal intensive care patients (Kim and Yoon, 2012) . Therefore, its application in this study has some limitations. In contrast, inflammatory markers such as serum PCT, sTREM-1, and CRP may be ideal predictors because they can be monitored during early stages of management (Gibot et al., 2004) , particularly sTREM-1, which can be monitored during early stages, with a short half-life and the level of that directly reflects the infection. This study revealed that the performance of sTREM-1 and PCT is better for predicting the survival of EOP patients than CRP and APACHE II score. PCT showed high sensitivity and sTREM-1 showed high specificity. The combination of the 2 indicators can be used to improve outcome prediction, with a specificity of 96.2% and AUC of 0.893. Therefore, simultaneously monitoring of sTREM-1 and PCT is necessary for EOP patients.
There were some limitations to this study. Patients with positive results in microbial culture were excluded; therefore, the study results cannot be applied for patients with pulmonary infection upon admission. In addition, prophylactic treatment with antibiotics affects serum PCT level and pneumonia development. The sample number was limited, and more accurate results may be achieved in prospective clinical trials with larger samples.
In this study, serum PCT, sTREM-1, and CRP levels were first applied for predicting the survival of EOP patients. The results showed that dynamic monitoring of serum inflammation makers is necessary for EOP patients to help predict patient outcome, and thus for selecting active therapeutic strategies and reducing mortality.
